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A LISA block diagram v (very high v level!) 

GW sources 

for plane waves, work 
from k, h+(t), h,(t) at SSB 

LISA noises 

laser freq. fluctuations, 
(optical bench), 
proof mass, optical path 

1 LISA geometry 
spacecraft positions - photon propagation - armlengths 
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A LISA block diagram v (very high I level!) 
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A LISA block diagram v (very high level!) 
ff tictaatio laser I ”  
(reference) at rece missioll (I - L2)  

Doppler shift measured for 
reception at spacecraft 1 and 

(laser travels along arm 2) 
at spacecraft 3 

I v I 
. . . . . . . . . . . . . . . . . . . . . . .  

y21 = -1 + ,y21 ‘ 

S 17 at sc 1 

LISA noises 
laser freq. fluctuations, 
(optical bench), 
proof mass, optical path 

fi ticttiations o I 

. . . . . . . . . . . . . . . . . . . . . . .  

I . , ! . , .  I 
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. a .  

Doppler shift measured 
between optical benches on 
spacecraft I 

12/17/2003 GWDAW 2003: Michele Vallisneri on Synthetic LISA 6 



. . . . .  . . . . . .  . .  . .  . .  
* ,  

Z b  01 

. . . . . . . . . . . . . . . . . . . .  

. . . . . . .  . .  . .  
. I , ( .  

. .  . .  
. . . . .  I .  . I I '  . 



A LISA block diagram (very high level!) 
I Motion complicates G-W signals (1): 

S 

I Motion improves sensitivity to GW (1): I . 

to source positi n 
makes it homoge 

3 . '  . 
' .  

. .  . . .  . . .  . . .  
. . . 3  

. . .  . .  
. . . . .  r I .  . .  . .  _ . I ,  . .  . . . .  , . .  

5 ,  
. .  

, , I .  

. .  

I 

I LISA geometry 
spacecraft positions - photon propagation - armlengths 

; t  = 215 

---I 

. t = 3/5 yr 
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The Synthetic LISA package v 

Implements the LISA block structure as a collection of C++ classes 

Class LISA 
Defines the LISA time-evolving geometry 
(positions of spacecraft, ar 

OriginalLISA: static configuration with fixed 
(arb it r a r y ) arm I en gt h s 

Mod ifiedl ISA: statio ary configuration, 
rotating with T=l yr; 
armlengths 

CircularRotating: spacecraft on circular, 
inclined orbits; cw/ccw, ti me-evolvi ng, 
causal armlengths 

Eccentriclnclined: spacecraft on eccentric, 
inclined orbits; cw/ccw, ti me-evolvi ng, 
causal armlengths 

NoisyLlSA (use with any LISA): adds white 
noise to armlengths used for TDI delays 

iffferent cw a i d  ccw 

... 

Class Wave 
Defines the position and time evolution of a 
GW source 

SimpleBinary: GW from a physical 
monochromatic binary 

SimpleMonochromatic: simpler parametrization 

I nterpolateMemory : i n terpo I ate user-p rovi ded 
buffers for h,, h, 

... 
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The Synthetic LISA package 

Class LISA Class Wave 
position and time evolution of a Defines the LISA time-evolving geometry 

(positions of spacecraft, ai-miengrhs) 

OriginalLISA: static configuration with i ixed 
(arbitrary ) arm I en gt h s 

Mod if ied 1 ISA: stat i onar 
rotating with T=lyr; d 

nterpolate user-provided 

Check the sensitivity of 

inclined orbits; cw/c 

causa! armlengths 

NoisyLlSA (use with any LISA): adds white 
noise to armlengths used for TDI delays 
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The Synthetic LISA package v 

... things to do wit it right now! 
I 

Class LISA 

I st-generation TDI 

2nd-generation TDI 
degradation of subtraction for 

/ccw, time-evcJlving, 

Eccentriclnclined: spacecraft on eccentric, 
i nc I i ned orbits; cw/ccw, ti me-evo Ivi ng, 

th  any LISA): adds white 
% drmlengths used for TDI delays 

... 
12/17/2003 GWDAW 2003: Michele Vallisneri on Synthetic LISA I 1  



The Svnthetic LISA Dackarre - - 

... things to do with it right now! 

Class LISA I 
DC Produce synthetic time 

I 

series to test data-analvsis (P( 

cecraft on circular, 

C Z - I I I S ; ? ~  armlengths 

NoisyLlSA (use with any LISA): adds white 
noise to armlengths used for TDI delays 

... 

Class Wave 
Defines the position and time evolution of a 
GW source 

SimpleBinary: GW from a physical 
monochromatic binary 

noch romatic: si m p ler parametrization 

i n terpo I ate user-p rovi ded 

. LISA Simulator 

: cached for mu 
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Using Synthetic LISA 

The preferred interface to Synthetic LISA is  through a simple 
script in the language on. 

the Synthetic LISA library 
I 

swig.py, Jsaswigso) so we can use it i 
I 

/ Create a LISA (geometry) object; 
/use static LISA, with unequal arms 

f 

Create a TDI object based on our c h a w  LISA 

, 
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Examde: monochromatic binarv 
Lill 

-36 

-37 

f = 2  mHz , T = I  yr 

1 o-~’ I 

- ecliptic lat. = n/2 
ecliptic long. = 0 

- 

f WI 

kit. = ;-cis 
long. = ;6/3 ‘3 

i 

1 -45‘ ’ I 
-1 5 -1 -0.5 0 0.5 1 1.5 

f-fO [Hz] x 10.” 

1211 712003 GWDAW 2003: Michele Vallisneri on Synthetic LISA 16 



m
 

0
 

0
 

h
 

Q! 



Case studv: S/Ns 
for extreme-mass ratio insDiraIs 

H ughes-G lampedakis- 
Ken nefick integrator 
(C++): output h,, h, 

hetic LISA: generate 
A, E, T, X GW & noise 
time series 

I level aQove noise ylVeE AE (SINf In bandloi!lme period. 5yr AET SiN =369192 
1e6-0.6-6.38811-0.534949-0-0-0: 1 vr -> 3mo I 7 

g 
n cn 
I 
a, c 
0 

Y 

1 o-60 
1 o - ~  1 o - ~  1 o-2 

f [Hzl 

-38 - 3 6 1  

I I I 

10 3y 

10 

- 
i o 4 "  

s 
? ; l o "  
vi 

10 

10 
10 10 ' 10 2 

40 -1 

5yi->4yr ,839063 
A and E noise 
4 y i  -> 3yr 209 3882 

3yi  -> 2yr 215 2987 

2yr > i y r  303 7237 
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